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Dengue is an endemic viral disease affecting tropical and
subtropical regions around the world, predominantly in urban
and semiurban areas. Dengue fever (DF) and its more serious
forms, dengue hemorrhagic fever (DHF) and dengue shock
syndrome (DSS), are becoming important public health prob-
lems and were formally included within the disease portfolio of
the United Nations Development Programme/World Bank/
World Health Organization Special Programme for Research
and Training in Tropical Diseases by the Joint Coordination
Board in June 1999 (100). The global prevalence of dengue has
grown dramatically in recent decades. The disease is now en-
demic in more than 100 countries in Africa, the Americas, the
eastern Mediterranean, Southeast Asia, and the Western Pa-
cific, threatening more than 2.5 billion people (33). The World
Health Organization estimates that there may be 50 million to
100 million cases of dengue virus infections worldwide every
year, which result in 250,000 to 500,000 cases of DHF and
24,000 deaths each year (25, 99)

Dengue virus is a mosquito-borne flavivirus and the most
prevalent arbovirus in tropical and subtropical regions of the
world (32). Dengue virus is a positive-stranded encapsulated
RNA virus. The genomic RNA is approximately 11 kb in
length and is composed of three structural protein genes that
encode the nucleocapsid or core protein (C), a membrane-
associated protein (M), an envelope protein (E), and seven
nonstructural (NS) protein genes. The gene order is 5�-C-
prM(M)-E-NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5-3�, as for
other flaviviruses (11, 18, 60, 74). The proteins are synthesized
as a polyprotein of about 3,000 amino acids that is processed
cotranslationally and posttranslationally by viral and host pro-
teases. There are four distinct serotypes, serotypes 1 to 4.
Infection induces a life-long protective immunity to the homol-
ogous serotype but confers only partial and transient protec-
tion against subsequent infections by the other three serotypes.
Instead, it has generally been accepted that secondary infec-
tion or infection with secondary or multiple infections with
various dengue virus serotypes is a major risk factor for DHF-
DSS due to antibody-dependent enhancement (8, 34, 37, 38).
Other factors have been postulated to be important in the
pathogenesis of DHF, including viral virulence (29, 76), host
genetic background (4), T-cell activation (26, 54), the viral
burden (93), and autoantibodies (59, 61). As attempts to erad-
icate Aedes aegypti, the most efficient mosquito vector of den-
gue virus, are not successful in countries where dengue is
endemic, the control of dengue will be possible only after an

efficient vaccine has been developed. At present, no dengue
vaccine has been licensed. The development of an efficient
dengue vaccine is difficult because the vaccine must be tetrava-
lent so that it includes all four serotypes. In addition, there is
no acceptable animal model for DHF. Although several can-
didate vaccines are in clinical trials, an efficient, safe, low-cost
vaccine will not be available in the near future.

Dengue virus causes a broad spectrum of illnesses, ranging
from inapparent infection, flu-like mild undifferentiated fever,
and classical DF to the more severe form, DHF-DSS, from
which rates of morbidity and mortality are high (33, 36, 70, 99).
DF is characterized by fever of 3 to 5 days’ duration, headache,
muscle and joint pain, and a rash, which is self-limited and
from which patients usually recover completely. There is no
specific treatment for DF, and most forms of therapy are sup-
portive in nature. DHF-DSS is characterized by the same signs
and symptoms as classic DF, but it is followed by increased
vascular permeability and hemorrhage, which may lead to vas-
cular collapse and death. Careful clinical management by ex-
perienced medical professionals is important in saving the lives
of DHF patients. Diagnosis of dengue virus infection on the
basis of clinical syndromes is not reliable, and the diagnosis
should be confirmed by laboratory studies, because more than
half of infected individuals either are asymptomatic or have a
mild undifferentiated fever (8, 20). Therefore, there is a great
demand for the rapid detection and differentiation of dengue
virus infection in the acute phase of illness in order to provide
timely clinical treatment and etiologic investigation and dis-
ease control.

LABORATORY DIAGNOSIS OF DENGUE VIRUS
INFECTION

Laboratory diagnosis of dengue virus infection can be made
by the detection of specific virus, viral antigen, genomic se-
quence, and/or antibodies (33, 35, 36, 94, 99). At present, the
three basic methods used by most laboratories for the diagno-
sis of dengue virus infection are viral isolation and character-
ization, detection of the genomic sequence by a nucleic acid
amplification technology assay, and detection of dengue virus-
specific antibodies. After the onset of illness, the virus is found
in serum or plasma, circulating blood cells, and selected tis-
sues, especially those of the immune system, for approximately
2 to 7 days, roughly corresponding to the period of fever (99).
Molecular diagnosis based on reverse transcription (RT)-PCR,
such as one-step or nested RT-PCR, nucleic acid sequence-
based amplification (NASBA), or real-time RT-PCR, has
gradually replaced the virus isolation method as the new stan-
dard for the detection of dengue virus in acute-phase serum
samples.

Two patterns of serological response can be observed in
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patients with dengue virus infection: primary and secondary
antibody responses, depending on the immunological status of
the infected individuals. A primary antibody response is seen in
individuals who are not immune to flaviviruses. A secondary
antibody response is seen in individuals who have had a pre-
vious flavivirus infection. For acute- and convalescent-phase
sera, serological detection of antibodies based on capture im-
munoglobulin M (IgM) and IgG enzyme-linked immunosor-
bent assay (ELISA) has become the new standard for the
detection and differentiation of primary and secondary dengue
virus infections (31, 46, 99). This is important, since a sensitive
and reliable assay for the detection and differentiation of pri-
mary versus secondary or multiple dengue virus infection is
critical for the analysis of data for epidemiological, patholog-
ical, clinical, and immunological studies.

Virus isolation and characterization. For virus detection,
virus isolation by cell culture and from mosquitoes remains the
“gold standard,” although it has gradually been replaced by the
RT-PCR method for rapid diagnosis. This is mainly due to its
lower sensitivity and the fact that a longer time for detection is
required if indirect immunofluorescence is performed to iden-
tify the isolated virus with dengue- or serotype-specific mono-
clonal antibodies (24, 40, 99). However, the molecular method
based on RT-PCR has been combined with the cell culture
method to improve the sensitivity and reduce the time needed
to identify the cultured viruses (71). The latter method was
reported to detect the cultured virus at day 1 (versus day 4 by
the indirect immunofluorescence method) if 104 viruses/ml
were inoculated into the culture. It is obvious that viral isola-
tion is indispensable for most laboratories interested in studies
of the basic virology, molecular epidemiology and pathogene-
sis of dengue virus. The isolation of viruses from clinical sam-
ples can be conveniently carried out with cultured mosquito
cells, such as the AP-61, Tra-284, C6/36, AP64, and CLA-1 cell
lines, or mammalian cells, such as the LLCMK2, Vero, and
BHK21 cell lines (35). Because of its higher sensitivity, the
mosquito inoculation technique is still the method of choice
for attempting dengue virus isolation from deceased patients
with fatal cases or patients with severe hemorrhagic disease
(55, 75). Aedes albopictus (28, 50) and Toxorhynchites spendens
(97) have been shown to be useful for dengue virus recovery.
At present, virus isolation with the C6/36 cell line with acute-
phase serum or plasma from patients is the method of choice
for routine dengue virus isolation.

Molecular diagnosis. The field of molecular diagnosis has
changed significantly over the past decade, leading to assays
that are much more reliable for the detection and character-
ization of various pathogens. Previously, rapid laboratory di-
agnosis did not contribute significantly to clinical treatment,
etiologic investigation, or control of dengue virus infection due
to the lack of a reliable and sensitive assay system for the
detection of virus in acute-phase serum. However, several lab-
oratories have published various RT-PCR protocols for den-
gue virus identification (35, 39, 41, 53, 57, 68, 79, 87). Among
these, the two-step nested RT-PCR protocols originally re-
ported by Lanciotti et al. (57) and later modified to a single-
step multiplex RT-PCR for the detection and typing of dengue
virus by Harris et al. (39) are well known. These assays used the
dengue virus core to premembrane gene regions as the target
sequence for dengue virus detection. They had the advantage

of detecting and differentiating the four dengue virus serotypes
by analyzing the unique sizes of the amplicons in the agarose
gel. Alternatively, the NASBA assay, an isothermal RNA-spe-
cific amplification assay, has been developed for the detection
of viral and bacterial RNA in clinical samples. Wu and cowork-
ers (101) reported on the detection of dengue viruses by the
NASBA assay, which had high degrees of sensitivity and spec-
ificity. Since the amplification procedure used with the NASBA
assay is entirely isothermal and is conducted at 41°C, it would
be suitable for epidemiological studies in the field.

More recently, several investigators have reported on fully
automatic real-time RT-PCR assays for the detection of den-
gue virus in acute-phase serum samples (9, 13, 19, 42, 58, 84,
95, 96). The real-time PCR or RT-PCR assay has many ad-
vantages over conventional PCR or RT-PCR methods, includ-
ing rapidity, the ability to provide quantitative measurements,
a lower contamination rate, a higher sensitivity, a higher spec-
ificity, and easy standardization. Therefore, real-time PCR has
gradually replaced conventional PCR as the new gold standard
for the rapid diagnosis of dengue virus infection with acute-
phase serum samples. Five main chemical formats (the DNA
binding fluorophores, the 5� nuclease, adjacent linear and hair-
pin oligonucleotide probes, and self-fluorescing amplicons) are
used to detect the PCR product during real-time PCR (63).
Among these, the most widely used format is the 5�33� nu-
clease oligonucleotide probe (TaqMan assay). The TaqMan
real-time PCR is highly specific due to the sequence-specific
hybridization of the probe. Along with the development of
fluorophores, nucleotide labeling chemistries, and instrumen-
tation, it has the potential to develop multiplex PCR protocol
with up to four fluorophores in a single tube. Ideally, a four-
color multiplex TaqMan real-time RT-PCR protocol could be
developed to detect and differentiate the four dengue virus
serotypes. Table 1 summarizes the various procedures for
group- and serotype-specific real-time RT-PCR targeted at
different regions of the dengue virus genome. It is important to
emphasize that the primers and probes that have been re-
ported previously may not be able to detect all dengue virus
strains (23, 73). Indeed, the sensitivity of each of the primers
and probes available depends on the sequence homology be-
tween the primers and probes and the targeted gene sequence
of the particular virus analyzed. Therefore, it is always a good
practice to use multiple primers and probes targeted at differ-
ent gene regions in order to avoid the false-negative results
caused by sequence variations among different strains and po-
tential mutants. In contrast to the TaqMan assay, the SYBR
Green real-time RT-PCR assay has the advantage of simplicity
in primer design and uses universal RT-PCR protocols suitable
for the detection of multiple target sequences, although it is
theoretically less specific (53, 84). In an attempt to develop a
universal diagnostic real-time RT-PCR protocol for arbovirus,
we have successfully developed a one-step RT-PCR system
that can be used to detect and differentiate several flaviviruses,
including dengue virus, Japanese encephalitis (JE) virus, yel-
low fever virus, and West Nile virus (84; unpublished data).
Finally, great care should be taken to avoid the false-positive
results that may occur due to sample and/or reagent contam-
ination during the performance of the RT-PCR.

Serological diagnosis. The serological diagnosis of dengue
virus infection is rather complicated for the following reasons:
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(i) patients may have multiple and sequential infections with
the four dengue virus serotypes due to a lack of cross-protec-
tive neutralization antibodies; (ii) multiple and sequential fla-
vivirus infections make differential diagnosis difficult due to the
presence of preexisting antibodies and original antigenic sin
(many B-cell clones responding to the first flavivirus infection
are restimulated to synthesize early antibody with a greater
affinity for the first infecting virus than for the present infecting
virus in every subsequent flavivirus infection) in regions where
two or more flaviviruses are cocirculating; (iii) IgG antibodies
have high degrees of cross-reactivity to homologous and het-
erologous flavivirus antigens; and (iv) the serodiagnosis of past,
recent, and present dengue virus infections is difficult due to
the long persistence of IgG antibodies (�10 months, as mea-
sured by E/M-specific capture IgG ELISA, or life long, as
measured by E/M antigen-coated indirect IgG ELISA) in many
dengue patients with secondary infections (31, 46) (see Fig.
2B). Thus, among the viral infections that can be diagnosed by
serology, dengue virus infection is among the most challenging.
However, great advances in analyzing the complicated viral
antigens and antibody responses have recently been made by
the development of various methods that target different struc-
tural and NS proteins for serodiagnosis and seroepidemiologi-
cal studies of dengue virus infection.

(i) Antigen detection. Progress toward the detection of an-
tigen in acute-phase serum samples by serology has been slow
due to the low sensitivity of the assay for patients with second-
ary infections, as such patients have preexisting virus-IgG an-
tibody immunocomplexes. However, recent studies that used
ELISA and dot blot assays directed to the E/M antigen (the
denKEY kit; Globio Co., Beverly, Mass.) and the NS1 antigen
(1, 49, 102) demonstrated that high concentrations of the E/M
and NS1 antigens in the forms of an immune complex could be
detected in the acute-phase sera of both patients with primary
dengue virus infections and patients with secondary dengue

virus infections up to 9 days after the onset of illness. Koraka
et al. (49) recently reported on the detection by a dot blot
immunoassay of immune complex-dissociated NS1 antigen in
patients with acute dengue virus infections. It was concluded
that NS1 antigen detection by dot blot immunoassay in both
nondissociated and dissociated serum and plasma samples
from patients with primary and secondary dengue virus infec-
tions results in the highest number of dengue antigen-positive
patients compared with the numbers obtained by RT-PCR and
with the denKEY kit. Although the results demonstrated the
potential of NS1 antigen detection for the serodiagnosis of
acute dengue virus infection, the relatively low rate of positive
results by the RT-PCR assay reported in the study suggested
that it was underestimated (49, 84). In addition, many RT-
PCR-positive samples showed negative results when they were
analyzed by this NS1 antigen detection method. Further stud-
ies are needed to evaluate and compare the sensitivities and
specificities of RT-PCR and NS1 antigen detection assays for
the early diagnosis of dengue virus infection with acute-phase
serum samples. Despite this concern, the results suggest that
assays for NS1 antigen detection could be a potential means
for the early diagnosis of dengue virus infection.

(ii) Antibody detection. Several methods have been de-
scribed for the serological detection of dengue virus-specific
antibodies, including the hemagglutination inhibition (HI) test
(16), the neutralization test (77), the indirect immunofluores-
cent-antibody test (90), ELISA (6), complement fixation (30),
dot blotting (10), Western blotting (51), and the rapid immu-
nochromatography test (for which many commercial kits are
available). Among these, capture IgM and/or IgG ELISA, an-
tigen-coated indirect IgM and/or IgG ELISA, and the HI test
are the most commonly used serological techniques for the
routine diagnosis of dengue virus infections. Traditionally, the
HI test was used to detect and differentiate primary and sec-
ondary dengue virus infections due to its simplicity, sensitivity,

TABLE 1. Summary of the various procedures for dengue virus identification by real-time RT-PCR

Authors (year) Primer specificity Chemistry Target region (positions) Reference

Shu et al. (2003) Dengue group SYBR Green C (135–305) 84
Dengue serotype 1 C (135–325)
Dengue serotype 2 C (135–338)
Dengue serotype 3 C (135–336)
Dengue serotype 4 C (135–268)

Warrilow et al. (2002) Dengue group TaqMan 3� UTRa (10578–10685) 96

Wang et al. (2002) Dengue serotype 2 TaqMan C (141–234) 95

Drosten et al. (2002) Dengue group TaqMan 3� UTR (10615–10694) 19

Callahan et al. (2001) Dengue group TaqMan 3� UTR (10589–10699) 9
Dengue serotype 1 NS5 (8586–8692)
Dengue serotype 2 C (237–305)
Dengue serotype 3 C (118–241)
Dengue serotype 4 C (187–293)

Chen et al. (2001) Dengue serotype 2 TaqMan E 13

Houng et al. (2001) Dengue serotypes 1 to 4 TaqMan 3� UTR 42

Laue et al. (1999) Dengue serotypes 1 to 4 TaqMan NS5 (9959–10119) 58

aUTR, untranslated region.
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and reproducibility. Patients are classified as having secondary
dengue virus infections when the HI test titer in their sera is
greater than or equal to 1:2,560 and are classified as having
primary dengue virus infection if the HI test titer is less than
1:2,560 (99). The HI test has recently become less popular and
has gradually been replaced by the E/M-specific capture IgM
and IgG ELISA due to the inherent disadvantages of the HI
test (46, 85).

The E/M-specific capture IgM and IgG ELISA has become
the most powerful assay for the serodiagnosis of dengue virus
infection due to its high sensitivity, specificity, simplicity, and
feasibility for automation (5, 6, 27, 46, 52, 85). Many commer-
cial kits with good sensitivities and specificities are now avail-
able (27, 65). Anti-dengue virus IgM antibody is produced
transiently during primary and secondary infections. In pa-
tients with primary dengue virus infections, IgM antibodies
develop rapidly and are detectable on days 3 to 5 of illness in
half of the hospitalized patients. Studies of the dynamic anti-
body response showed that anti-dengue virus IgM levels peak
at about 2 weeks postinfection and then decline to undetect-
able levels over 2 to 3 months (46, 99). Anti-dengue virus IgG
appears shortly afterwards.

In patients with secondary dengue virus infections, while the
kinetics of IgM production are similar to those observed in
patients with primary infections, IgM levels are significantly
lower (46, 99). Anti-dengue virus IgM antibodies also peak at
about 2 weeks postinfection, begin to wane thereafter, and are
detectable in about 30% of patients 2 months after the onset of
symptoms. In contrast to primary infection, secondary infec-
tion with dengue virus results in the earlier appearance of high
titers of cross-reactive IgG antibodies before or simultaneously
with the IgM responses (99).

Innis et al. (46) first proposed classification of primary and
secondary infections by determining the ratio of the units of
dengue virus IgM antibodies to the units of dengue virus IgG
antibodies. They showed that the acute-phase sera of patients
with primary dengue virus infections had higher IgM/IgG ra-
tios, whereas patients with secondary infections had lower
IgM/IgG ratios. This method has made a great contribution to
the analysis of the immune status of patients with dengue. We
have recently modified and simplified this method so that dif-
ferentiation of primary and secondary dengue virus infection
can be made by using the ratio of IgM/IgG readings directly
(�1.2 or �1.2, respectively) without calculating the antibody
units through the use of a standard control (85).

To compare the dynamic distributions of serum IgM and
IgG antibodies induced by primary and secondary dengue virus
infections, we have recently analyzed dengue virus-specific IgM
and IgG antibodies using serum samples collected from pa-
tients in the acute, convalescent, and postinfection stages. Fig-
ure 1 shows the dynamics of the serum IgM and IgG antibody
levels measured by an E/M-specific capture IgM and IgG
ELISA in patients with primary and secondary dengue virus
infections whose sera were collected during the acute and
convalescent phases, whereas Fig. 2 shows the dynamics of the
serum IgM and IgG antibody levels in sera collected between
120 and 352 days postinfection. Figure 2A and B presents the
results for patients with primary and secondary dengue virus
infections, respectively. The results show that most patients
with primary dengue virus infection would not have detectable

IgM or IgG antibodies at 4 months postinfection. This is in
contrast to the high IgG titers detected in many of the patients
with secondary dengue even 10 months after infection.

Although detection of IgM antibody to dengue virus by an
E/M-specific capture IgM ELISA usually indicates an active or
recent infection, the most reliable way to demonstrate active
infection would be a significant (fourfold or greater) rise in
IgM and/or IgG antibody titers between the acute- and the
convalescent-phase sera. This could best be analyzed by an
E/M-specific capture IgM ELISA (for IgM antibodies) and an
E/M antigen-coated indirect IgG ELISA (for IgG antibodies)
with serially diluted serum samples. For routine analysis, sig-
nificant increases in IgM and/or IgG antibody levels, from
negative or low optical density (OD) values in acute-phase
serum to positive and high OD values in convalescent-phase
serum, can be conveniently determined. We strongly recom-
mend the analysis of paired serum samples from both the acute
and the convalescent phases by an E/M-specific capture IgM
and IgG ELISA to avoid false-positive results in areas where

FIG. 1. Dynamics of IgM and IgG antibody levels in acute- and
convalescent-phase serum samples from dengue patients with primary
or secondary infection. Serum samples collected at the acute phase (3
to 7 days after the onset of illness), the early convalescent phase (8 to
13 days), and the late convalescent phase (14 to 30 days) were analyzed
by E/M-specific capture IgM and IgG ELISA at a 1:100 dilution. See
reference 85 for details about the method.
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dengue is highly endemic because of the long persistence of
dengue virus-specific IgG antibodies in many patients with
secondary infections.

Many laboratories have used E/M antigen-coated indirect
IgM and IgG ELISAs (especially the indirect IgG ELISA) to
detect dengue virus-specific IgM and IgG antibodies. Due to
the higher sensitivity of this assay for the detection of IgG
compared to that of the E/M-specific capture IgG ELISA, it
can be reliably used to determine whether a fourfold or greater
increase in the levels of specific IgG antibodies is present (14,
31, 67). Some laboratories have replaced the HI test with the
antigen-coated indirect IgG ELISA for the detection and dif-
ferentiation of primary and secondary dengue virus infections
(14).

It is worth emphasizing that although E/M-specific IgG an-
tibodies are highly cross-reactive among various flaviviruses
during a secondary response, the E/M- and NS1-specific anti-
dengue virus IgM antibodies have limited cross-reactivities (45,
46, 64, 81). Therefore, the cross-reactivity of dengue-specific
IgM antibodies found in a few dengue patients may actually
indicate a recent infection with another flavivirus. Indeed,
studies have shown the successful development of tests, based
on IgM antibodies, with a panel of viral antigens for the dif-

ferential diagnosis of acute or recent flavivirus infection (66,
78). We have found that the E/M-specific capture IgM and IgG
ELISA can reliably be used for the differential diagnosis of JE,
dengue, yellow fever, and West Nile encephalitis by using vi-
rus-infected culture supernatants as the source of viral antigens
and flavivirus-specific mouse monoclonal antibodies as the sec-
ondary antibody (86; unpublished data).

Some investigators have studied dengue virus-specific IgA
and IgE antibody responses. Talarmin et al. (88) reported on
the use of an IgA- and IgM-specific capture ELISA for the
diagnosis of dengue virus infection. The results showed that
IgM appears more rapidly and lasts longer (over 2 to 3 months)
than IgA (about 40 days). They concluded that the capture IgA
ELISA is a simple method that can be performed together with
the capture IgM ELISA and that can help in interpreting the
serology of DF. More recently, Balmaseda et al. (2) reported
on the detection of specific IgM and IgA antibodies in serum
and saliva. They concluded that dengue virus-specific IgA in
serum is a potential diagnostic target. Koraka et al. (48) re-
ported on the development of a capture IgE ELISA for the
detection of total and dengue virus-specific IgE antibody re-
sponses. The results showed that dengue virus-specific IgE
titers were significantly higher in patients with DHF and/or

FIG. 2. Persistence of IgM and IgG antibody levels in postinfection sera from dengue patients with primary (A) or secondary (B) dengue virus
infection. Serum samples were collected from 120 to 352 days postinfection (as indicated on the x axis) and were measured by E/M-specific capture
IgM and IgG ELISAs at a 1:100 dilution. See reference 85 for details about the method.
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DSS than in patients with DF and non-dengue virus infections.
They concluded that analysis of dengue virus-specific IgE
ELISA might contribute to the understanding of the patho-
genesis of dengue virus.

Previous studies directed toward the analysis of NS proteins
have shown that the NS1, NS3, and NS5 antigens are the most
immunogenic in inducing dengue virus-specific antibody re-
sponses (15, 21, 22, 51, 72, 80, 89). Among these, NS1-specific
antibody responses were studied by using synthetic peptides,
recombinant protein, or native antigens from either mouse
brain-derived or virus-infected culture supernatants (15, 21, 22,
43, 44, 51, 81, 83, 85). We have developed an NS1 isotype- and
serotype-specific ELISA that can be easily and reliably used to
differentiate (i) JE virus and dengue virus infections, (ii) JE
vaccination and JE infection, and (iii) primary and secondary
dengue virus infections and (iv) for serotyping of dengue virus
in patients with primary dengue virus infections (81, 82, 83, 85).
More recently, a retrospective seroepidemiological study with
serum samples collected from Liuchiu Hsiang, Pingtung
County, in southern Taiwan demonstrated that the NS1 sero-
type-specific IgG ELISA could replace the neutralization test
for seroepidemiological studies for the differentiation JE virus
and dengue virus infections and for the serotyping of dengue
virus in patients with primary infections (83). Furthermore,
this assay can be used to differentiate secondary and tertiary or
quaternary dengue virus infections if very early acute-phase
sera (from days 1 to 3 after the onset of illness) are available
for analysis. Serum samples from patients with secondary in-
fections collected from days 1 to 3 after the onset of illness
would show a primary NS1 serotype-specific IgG response,
while serum samples from patients with tertiary or quaternary
infections would show strong and complex NS1 serotype-spe-
cific IgG responses.

Wong et al. (98) recently reported on an immunoassay that
targets the NS5 antigen for the differentiation of West Nile
virus infection from dengue virus and St. Louis encephalitis
virus infections and from vaccination against a flavivirus. The
results showed that the NS5-based assay could reliably be used
to discriminate between West Nile virus infections and dengue
virus or St. Louis encephalitis virus infections.

Many rapid test kits that use the principle of immunochro-
matography are commercially available. Most of these kits can
simultaneously detect IgM and IgG antibodies to dengue virus
in human whole blood, serum, or plasma within 5 to 30 min.
Some of these kits claim that it is possible to differentiate
primary and secondary dengue virus infections, although our
experience suggests that this is not always reliable. Several
evaluations that offer conclusions in favor or against these
commercial kits are available (3, 12, 17, 56, 91, 92). We have
done preliminary evaluations of five rapid test kits available to us
(unpublished data). The results showed that these kits generally
have higher sensitivities for IgG detection but lower sensitivities
for IgM detection and various specificities compared to the results
of the E/M-specific capture IgM and IgG ELISA. Although the
rapid test has the advantages of easy performance and the rapid
provision of results, it should best serve as a screening test for
clinicians in hospitals. Furthermore, these kits should not be used
for surveillance for dengue disease in public health settings or in
seroepidemiological studies due to the high sensitivity of this
assay for the detection of IgG and the long persistence of cross-

reactive flavivirus IgG antibodies in the general population in
many areas where dengue is endemic.

DENGUE VIRUS SEROTYPING

Dengue virus serotype analysis is important in epidemiolog-
ical and pathological studies. Among the available methods,
virus isolation followed by type-specific monoclonal antibody
immunofluorescence staining, the neutralization test, and RT-
PCR are widely used by many laboratories studying dengue
virus (57, 77, 99). Several studies have addressed whether the
E/M-specific capture IgM ELISA can be used accurately to
identify the dengue virus serotype (7, 33, 47, 69). This problem
remains unsettled and points to the difficulty of dengue virus
serotyping by the capture IgM ELISA. Burke (7) investigated
the serotype specificity of IgM to dengue virus using convales-
cent-phase serum and antigens of the four dengue virus sero-
types. He found serotype-specific IgM responses in all 16 pa-
tients with primary dengue virus infection and 9 of 16 patients
with secondary dengue virus infection. Nawa et al. (69) ana-
lyzed serum samples from 14 patients with confirmed dengue
without knowledge of their immune status. They found that
IgM responses were generally cross-reactive among the sero-
types but that in most cases IgM levels were highest against the
infecting dengue virus serotype.

We have recently developed E/M and NS1 serotype-specific
capture IgM ELISAs by using culture supernatants of serotype
1, 2, 3, and 4 dengue virus-infected Vero cells as the antigen
source to detect and differentiate the dengue virus serotypes in
convalescent-phase serum samples. Dual analyses by both the
E/M and the NS1 serotype-specific capture IgM ELISAs
showed that positive serotype specificity could be correctly
identified in 98.6 and 61.9% of all serum samples from patients
with primary and secondary dengue virus infections, respec-
tively (86). It is emphasized that equal amounts of each of the
four dengue virus antigens should be added to the microtiter
wells in order to obtain reliable results.

As described above, the NS1 serotype-specific IgG ELISA
could also be reliably used for dengue virus serotype analysis
with convalescent-phase sera from patients with primary infec-
tions and acute-phase sera from patients with secondary infec-
tions (which would detect the serotype that caused the first
infection) but not with convalescent-phase sera from patients
with secondary infections (85).

Ludolfs et al. (62) reported on the serological differentiation
of infections with dengue virus serotypes 1 to 4 by using re-
combinant antigens. Immunoblot strips dotted with the B do-
mains of dengue virus serotypes 1 to 4 expressed in Escherichia
coli were used to detect serotype-specific antibodies in paired
serum samples from 41 patients with primary and secondary
dengue virus infections. The results showed that the correct
serotype could be identified in 31 of 33 patients with primary
dengue virus infection. However, this immunoblot strip
method is not reliable for serotyping of the virus causing sec-
ondary dengue virus infections.

CONCLUSIONS

The laboratory diagnosis of dengue virus infection has been
greatly improved during the last decade. The rapid detection of
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the dengue virus genomic sequence by real-time one-step RT-
PCR has become a trend. This assay has the advantages of
simplicity, rapidity, and a low contamination rate compared to
the characteristics of the nested RT-PCR method, which, how-
ever, has a sensitivity similar to that of the real-time RT-PCR.
For acute-phase serum samples, the real-time one-step RT-
PCR by either the TaqMan assay or SYBR Green method has
been developed and successfully applied to the clinical diag-
nosis of dengue virus infections. Future developments based
on a four-color multiplex protocol may revolutionize this field
and eventually replace the conventional RT-PCR as the new
gold standard for the rapid diagnosis of dengue virus infection.
It should be pointed out that multiple primers and probes
targeted to different regions of the dengue virus gene are
needed to increase the sensitivity and avoid false-negative re-
sults. In addition, good quality control should be followed to
avoid false-positive results caused by sample and/or reagent
contamination.

For serological diagnosis, detection of the NS1 antigen in
acute-phase serum samples has shown promising results. Fur-
ther studies are needed to evaluate its usefulness and to com-
pare it with real-time one-step RT-PCR with respect to its
sensitivity and specificity. For antibody detection, the E/M-
specific capture IgM and IgG ELISA has become the new
standard in serodiagnosis due to its high degrees of sensitivity
and specificity and its simplicity. Careful analysis showed that
the differential diagnosis of flavivirus infection could be made
by tests with a panel of viral antigens. Finally, an easy, sensi-
tive, and specific NS1 serotype-specific IgG ELISA has been
developed and has reliably been used for the serodiagnosis and
seroepidemiological study of dengue virus infection. The ad-
vantage of the NS1 serotype-specific IgG ELISA is that dengue
virus serotyping is possible for patients with primary dengue
virus infection if convalescent-phase or postinfection sera are
available.

In conclusion, present advances in molecular and serological
diagnostic methods have greatly improved the sensitivity and
specificity of diagnosis of dengue virus infection. It is expected
that the successful application of these assays will contribute
significantly to the clinical treatment, etiologic investigation,
and control of dengue virus infections.
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